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Abstract—The information on the cloud liquid water path (LWP) is required for many applications including
global and regional climate modelling, weather forecasting, and hydrological cycle modelling. The results of
derivation of the land–sea LWP contrast from LWP measurements with the satellite SEVIRI (Spinning
Enhanced Visible Infra-Red Imager) instrument over land and water bodies in northern Europe are pre-
sented. The study of the diurnal cycle of the LWP contrast for some water bodies discovered two maxima
nearly symmetrical about the noon UTC. They were observed in most cases at measurement points in the
Gulf of Riga and in the Gulf of Finland in the Baltic Sea. Presumably, those maxima were artefacts of obser-
vations caused by the so-called “cloud bow effect.” Calculations of a scattering angle for the satellite mea-
surements at these points confirm this conclusion. The problems of data filtering and analyzing in the cases
of manifestation of this disturbing effect are discussed. An approach to data analysis is suggested. This
approach and the results can be used to assess the quality of LWP measurements by SEVIRI in various regions
of the globe.
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INTRODUCTION
The satellite instrument SEVIRI (Spinning

Enhanced Visible Infra-Red Imager) measures cloud
parameters with high spatial and temporal resolution,
thus enabling studying cloudiness properties on the
global scale. SEVIRI is a 12-channel scanning radi-
ometer which operates in the visible and infrared spec-
tral regions. It is mounted onboard Meteosat geosta-
tionary meteorological satellites and scans a large area
of the Earth’s surface, which is designated by a special
term “SEVIRI disk” [1]. The main orbital position of
a satellite is above the equator near zero longitude,
which makes possible measurements over Europe,
Africa, the Atlantic, part of South America, and part
of the Indian Ocean. The spatial resolution at a subsa-
tellite point is 3 km. The scanning frequency provides
receiving data once every 15 min over any surface
point. The SEVIRI products are atmospheric and
cloud parameters, which are retrieved with a complex
algorithm using so-called “lookup tables.” These
tables are preliminarily calculated for a set of atmo-
spheric states and underlying surface parameters. The
detailed description of the algorithm, the radiative
transfer models used, and the block diagram of the
algorithm can be found in [2].

The cloud liquid water path (LWP), which shows
the total mass of the liquid water droplets in a column
of a unit cross section, is one of the most important
cloud characteristics. It is used in solutions of different
problems of weather forecasting and climatology. Data
on the LWP are among products retrieved from
SEVIRI measurements. The detailed analysis of the
statistical characteristics of the LWP for different
cloud types derived from SEVIRI measurements can
be found, for example, in work [3]. That work showed
each cloud type to be characterized by a certain LWP
distribution function constant in time throughout the
Earth’s surface area scanned by SEVIRI. However,
detailed examination of individual regions, such as
Central Europe, revealed significant variations in the
LWP. The study of relative diurnal variations in the
LWP showed them to be most pronounced for lower
and middle-level clouds. It was also noted that the
mean LWP is higher over land than over sea; according
to measurements of 2009, this difference was 15–27%
for low-level clouds.

In [4], we analyzed the difference in the LWP over
land and sea in northern Europe based on SEVIRI
measurements. Hereinafter, we use the term “land–
sea LWP contrast,” which we define as the difference
833
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between LWP values over land near a water body (sea,
bay, or lake) and over this water body. The analysis of
the statistical distributions of the LWP contrast and its
intraseasonal variations enabled us to reveal several
effects which we classified as manifestations of errors
in the algorithm of processing raw SEVIRI data (mea-
surements of reflected solar radiation), including a
sharp and simultaneous decrease in the LWP contrast
in the early August each year at different measurement
points in the Gulf of Finland and the Gulf of Riga and
a complete absence of negative values of the LWP con-
trast in the statistical distributions for certain measure-
ment points.

In this work, we continue study [4], but with the
diurnal cycle of the land–sea LWP contrast as the
main object. The aims of the work are to identify reg-
ularities in this diurnal cycle and to detect possible
artefacts similar to those described in detail in [4].

INITIAL DATA

Initial data in this work are SEVIRI information
products, processing version No. 2, retrieved from
measurements in 2011–2017 [5]. The geographic
region under study is ~700 × 700 km in size, with the
center at St. Petersburg, Russia. The horizontal size of
a ground pixel in SEVIRI measurements is ~7 km for
this region of the Earth’s surface. The input data set
included the LWP only for liquid droplet clouds; data
for ice and mixed clouds were filtered out during the
initial stage. It is important to note that the initial data
set includes measurements both under cloudy and
clear-sky conditions, since the focus of our study is not
LWP values, but their difference (contrast), which is
obviously the most pronounced when there are clouds
over one point and the sky is clear over another.

It is important to emphasize that we consider not
the full daily cycle of the LWP contrast, but only its
variation in the daytime, since SEVIRI measurements
are based on reflected solar radiation, i.e., during day-
light hours. It should be noted that the data corre-
sponding to a solar zenith angle more than 72° were
filtered out, since the errors in these data were maxi-
mal. This rejection of SEVIRI data is standard [2, 6].

The LWP contrast is analyzed for several pairs of
points above large water bodies and land near them,
but not throughout the region. We tried to select
points above land and water so as the line connecting
them was oriented close to the south–north direction
to avoid the influence of cold air transfer from water
bodies to land by westerly winds prevailing (along with
southwesterly winds) in the region of the Gulf of Fin-
land. Below, a pair of points is referred to as one “con-
trast measurement point.” These measurement points
are shown in Fig. 1, which is adopted from [4]. In this
paper, we preserved the original designations (ML –
measurement location, followed by the point num-
ber). The rationale for choosing the measurement
ATMOSPHE
points, the exact coordinates, and other information
can be found in [4]. The largest number of points was
selected in the Gulf of Finland, since artefacts in the
LWP contrast values were revealed for that water body.

RESULTS
Diurnal Cycle of LWP Contrast

We describe the diurnal cycle of the land–sea LWP
contrast in terms of mean values each related to a spe-
cific time point of SEVIRI measurements (with a fre-
quency of one measurement every 15 min). During the
first stage, the averaging was performed over seven
years of observations. Due to the short period of solar
illumination in the cold season, we selected only sum-
mer for the analysis and separately studied each
month. In this paper, we did not consider August data,
since our work [4] discovered the so-called “August
anomaly” characterized by near zero LWP contrast,
which was assumed to be an artefact of measurements.

Figure 2 shows typical examples of the averaged
diurnal variations in the land–sea LWP contrast at two
measurement points in the Gulf of Riga and Gulf of
Finland of the Baltic Sea in June and July. One can see
two most significant local maxima symmetrical about
the noon UTC, near 11:00 and 16:00 of local time. The
vertical bars show the standard errors of the mean val-
ues at each time point (the standard deviation of a
sample divided by the square root of the sample size).
These bars are relatively large because of the high vari-
ability of LWP contrast and the limited amount of data
for averaging. We emphasize that the number of avail-
able initial measurements for one mean value varied
from several dozens to 100 or more. As a result, oscil-
lations are sometimes noticeable in the figures.

As can be seen in Fig. 2, the local maxima (1 and 2)
are significant; they much exceed the standard errors
in the means if the contrast values one hour before and
one hour after a maximum are taken as basic. It is
important that these features of the diurnal cycle
observed at the same time at different geographical
points can be explained neither by random measure-
ment noise nor by physical mechanisms of cloud for-
mation processes.

Table 1 provides complete information on the pres-
ence/absence of the first and second local maxima in
the diurnal cycle of the LWP contrast at all measure-
ment points similar to those shown in Fig. 2. When
analyzing the data, the statistical significance of the
maxima was assessed by the parameter

(1)

where t is the time of recording the first or second local
maxima; Di are the LWP contrast means over three
consecutive equal time spans Δti with the second span
centered at time t; σA is the standard error in A calcu-
lated from the errors in Di. The physical basis of that
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Fig. 1. The geographic region and specific points selected for the study of LWP contrast. Points ML1–ML14 (see text) are shown
as lines connecting ground-based SEVIRI measurement pixels over land and water: long thin lines (ML1-1, ML2-1, ML3-1, and
ML4-1) show the LWP contrast at a large distance (about 80 km), short heavy lines (ML1-2, ML2-2, ML3-2, and ML4-2) show
the LWP contrast at small distances (about 20 km); ML10–ML14 are “additional” measurement points in the Gulf of Finland.
The figure is adopted from [4].
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Fig. 2. Seven-year (2011–2017) average diurnal cycles of the land–sea LWP contrast D (solid curves) at a measurement point
(a) in the Gulf of Riga in June and (b) in the Gulf of Finland in July: two local maxima symmetrical about the noon UTC (1 and 2);
zero LWP contrast (horizontal dashed line); standard errors of LWP contrast means (bars).
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Table 1. The presence of the 1st and 2nd local maxima (about 11:00 and 16:00 of local time) in the daily cycle of the LWP
contrast at main chosen measurement points (0 means the absence of maximum and 1 means the presence of a maximum):
averaging over 2011–2017

Water area Measurement point
The presence of local maximum in the diurnal variation 

in the LWP contrast (А)

June July

1. Gulf of Riga
ML1-1 1 (3.0)/1 (2.4) 1 (3.7)/1 (3.3)
ML1-2 1 (2.5)/1 (3.3) 1 (3.0)/1 (2.1)

2. Gulf of Finland
ML2-1 0 (0.2)/1 (2.1) 1 (3.7)/0 (1.2)
ML2-2 0 (1.8)/1 (2.7) 1 (3.0)/1 (2.5)

3. Lake Ladoga
ML3-1 0 (0.6)/1 (2.7) 0 (1.7)/0 (0.2)
ML3-2 0 (0.8)/0 (1.0) 0 (0.4)/0 (0.1)

4. Lake Onega
ML4-1 0 (1.9)/0 (1.3) 0 (0.2)/0 (0.2)
ML4-2 0 (1.3)/0 (0.3) 0 (1.8)/0 (1.3)

5. Lake Peipus ML5 0 (0.5)/0 (0.3) 1 (2.4)/0 (1.4)

6. Lake Pihkva ML6 0 (0.2)/0 (0.3) 0 (1.0)/0 (0.2)

7. Lake Ilmen ML7 0 (0.2)/0 (0.8) 0 (0.3)/0 (1.0)

8. Saimaa ML8 0 (1.0)/0 (0.8) 0 (1.2)/0 (1.7)

9. Neva Bay ML9 1 (3.1)/0 (0.1) 1 (3.6)/0 (0.9)

10. Gulf of Finland, Kalvi ML10 1 (3.0)/1 (2.2) 1 (2.9)/0 (1.8)

11. Narva Bay ML11 0 (1.5)/0 (0.7) 0 (1.5)/0 (1.6)

12. Luga Bay ML12 1 (2.7)/0 (1.3) 1 (4.2)/0 (1.2)

13. Gulf of Finland, Helsinki ML13 1 (2.9)/1 (2.9) 0 (1.6)/1 (2.2)

14. Gulf of Finland, Torfyanovka ML14 1 (2.6)/0 (1.3) 1 (3.6)/0 (0.5)
criterion was the a priori assumption that time inter-
vals of the appearance of local maxima are known and
sufficiently short. Calculations were carried out for
two time points t1 = 11.3 h and t2 = 16 h at Δti = 1 h.
Parameter A characterizes the magnitude of the excess
of the LWP contrast means during the period of possi-
ble appearance of a local maximum over the means
before and after this event. A local maximum can obvi-
ously be considered statistically significant if A(t) > 2.

It is easy to see these local maxima in the average
diurnal cycle of the LWP contrast at all points in the
Baltic Sea except for point ML-11 located in the
Narva Bay. Note also that local maxima are absent for
all lakes except for Ladoga and Peipus, where the sec-
ond maximum is manifested in June and the first
maximum is pronounced in July. These results point
out either to physical processes which run in the Baltic
Sea and induce the appearance of short-term LWP
contrast maxima at the same local astronomical time
points at all measurement points or to the artefact of
measurements. Two circumstances support the second
hypothesis. First, the maxima are always observed
symmetrically about noon UTC; hence, they are most
likely connected to the measurement geometry deter-
mined by satellite and Sun positions and are hardly
ATMOSPHE
caused by local physical processes. Second, artefacts
in the SEVIRI data were discovered in [4] precisely
when analyzing measurements in the Baltic Sea
region.

Cloud Bow Effect in SEVIRI Measurements
SEVIRI records reflected solar radiation. Here, a

brief explanation of the terminology used in this article
is required. When considering the macroscale system,
i.e., the system which includes the Sun, the Earth with
its atmosphere as a single “disk” formed by the com-
mon field of view of the instrument, and a satellite car-
rying SEVIRI, it is convenient to use the term “reflec-
tion” to describe the transfer of solar radiation in the
general measurement geometry. If we consider a
microscale system, i.e., an elementary volume where
solar radiation is scattered by an ensemble of cloud
droplets and the scattering is characterized by the scat-
tering phase function, it is more correct to use the term
“scattering” and talk about a scattering angle.

For the measurement type under study, different
atmospheric optical effects are possible which can
result in “interfering” signals. The most known effect
is the so-called sun glint, which appears during the
RIC AND OCEANIC OPTICS  Vol. 37  No. 6  2024
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Fig. 3. Diurnal cycle (local astronomical time) of the solar
radiation scattering angle for ML1-1 measurement point
in the Gulf of Riga of the Baltic Sea on (a) June 15, 2014,
and (b) July 15, 2017, for several active Meteosat satellites
(see legend). Ovals with numbers 1 and 2 show areas of
probable manifestation of the cloud bow effect when the
scattering angle is close to 140°.
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specular reflection of solar radiation from the under-
lying surface. The “glory” effect can appear at scatter-
ing angles near 180°. At certain scattering angles sig-
nificantly lower than 180° the so-called “cloud bow
effect” can be observed, caused by the refraction and
reflection of rays in cloud droplets. The physics of
emergence of these and other known atmospheric
effects and examples of their observation can be found
in [7].

Work [8] specially studied the conditions for occur-
rence of glory and cloud bow effects in SEVIRI mea-
surements of reflected solar radiation. That work, like
our study, considered only liquid droplet clouds.
Model calculations in [8] showed that the cloud bow
effect manifests itself in the scattering phase function
as local “peaks” at scattering angles close to 140°
(deviations from 140° are caused by variations in the
characteristic size of cloud droplets). If these peculiar-
ities of solar radiation transfer are ignored (or inade-
quate initial information is used for considering
them), then they can manifest themselves in a certain
way in final information products of satellite observa-
tions.

The diurnal cycle of the scattering angle Θ for the
selected points of SEVIRI measurements is calculated
with the use of equation [8]:

(2)
where θ0 is the solar zenith angle; θ is the angle of the
direction to a satellite;

(3)

is the relative azimuth angle between the directions to
the satellite and the Sun.

Figure 3 exemplifies the diurnal cycle of the solar
radiation scattering angle during observations at point
ML1-1 (Gulf of Riga) on June 15, 2014, and July 15,
2017. The figure contains several curves each corre-
sponding to one of the Meteosat geostationary satel-
lites operated at those time points. The longitudes of
the subsatellite points for Meteosat-8, 9, and 10 satel-
lites (Fig. 3a) are 3.48; 9.31, and 0.51°, respectively,
and for Meteosat-8, 9, 10, and 11 satellites (Fig. 3b) are
41.62; 9.39; –0.17, and –3.64°, respectively (positive
values are eastern and negative values are western lon-
gitude). Orbital data for currently operating Meteosat
satellites and archived orbital data are available on
website https://user.eumetsat.int/resources/service-
statuses/meteosat-orbital-parameters.

As noted in Introduction, the main satellite posi-
tion for measurements is above the equator near the
prime meridian. It is evident from Fig. 3 that several
satellites can be located near this position at the same
time. One of them is the main, and the others are
reserve. The satellite status (main/reserve), as well as
the orbit parameters, in particular subsatellite point
longitude, can change with time. The arrays of LWP
measurements at our disposal do not include informa-

Θ = θ θ Δϕ − θ θ0 0arccos(sin sin cos cos cos ),

Δϕ = ° − ϕ − ϕ0180
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No
tion about a specific satellite and its orbit parameters
at the time of measurements. Therefore, we can pro-
ceed from the spread of the longitudes of subsatellite
points of active satellites when estimating the proba-
bility of the cloud bow effect. This spread indicates
that cloud bow effect is manifesting itself for approxi-
mately one hour twice a day symmetrically about
noon UTC. The interval between these events is from
3.5 to 4 h.

Note that the time interval between the local LWP
contrast maxima in Fig. 2 is ~4.5 h. If we assume that
the cloud bow effect takes place at an angle of <140°,
for example, 136°, then, as can be seen from Fig. 3, the
interval between the manifestations of this effect is
4.5 h. The range of scattering angles where the cloud
bow effect is possible is 135°–140° [9]. The symmetry
about noon UTC is explained by the fact that the sub-
satellite point of the main measuring satellite is close
to the prime meridian. If, for example, Meteosat-11
was the main satellite on July 15, 2017, located at 41°
east of the prime meridian, then the effects would be
observed symmetrically about noon at the longitude of
. 6  2024
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Fig. 4. Average diurnal cycles of the land–sea LWP con-
trast D (solid curves) for ML1-1 measurement point in the
Gulf of Riga in (a) June 2012 and (b) June 2016: time
points of two typical local maxima caused by the cloud
bow effect (1 and 2); other designations see in Fig. 2.
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that satellite. We emphasize that we are talking about
geostationary satellites in this work.

Thus, the observed local LWP contrast maxima
are, with a very high degree of probability, caused by
the cloud bow effect at scattering angles close to 140°.

Rejection of Erroneous Measurements and the Analysis 
of Diurnal Cycle with False Maxima

Rejection of erroneous measurements which con-
tain the unaccounted signal component caused by the
cloud bow effect is a difficult task due to a number of
reasons. The main one is the unpredictability of the
manifestation of this effect. The proximity of Θ to 140°
is a necessary but not sufficient condition for the effect
to be manifested in measurements. Note that we are
talking just about the manifestation of the effect in
ATMOSPHE
information products, since a local peak is always
present in the scattering phase function at Θ = 140°,
and the magnitude and shape of the peak are deter-
mined by the effective radius and width of the cloud
droplet size distribution [8]. It should be remembered
that there is uncertainty in calculations of the scatter-
ing angle if information about the longitude of the
subsatellite point of a main satellite, i.e., the satellite
which carries the instrument which measures at that
time, is absent for each specific measurement. As the
above examples show, the longitude can vary within
10°, which leads to uncertainty in the time of manifes-
tation of the cloud bow effect of about an hour. The
presence of liquid droplet clouds is obviously the addi-
tional mandatory condition for the manifestation of
the effect. In this case, an interfering signal caused by
the cloud bow effect should exceed the variations in
the useful signal caused by the natural short-term
changes in the atmospheric parameters and clouds.

Cloudiness is so strongly variable in space and time
that the problem of detecting the cloud bow effect in
measurements on a specific day at a specific time
points against the background of natural variations
can be considered unsolvable. It is easy to imagine a
situation where clouds are much thicker before and
after the time when Θ is close to 140° than at the time
of appearance of a “cloud bow.” In this case, the effect
is unnoticeable and, with a high degree of probability,
the variation in the measured signal can be attributed
to the natural variability of the cloudiness parameters.
This implies an important conclusion: the cloud bow
effect can be detected only in measurements made at a
scattering angle close to 140° and averaged over a long
period (e.g., several years), like in our case. For illus-
tration, Fig. 4 shows average diurnal variations in the
LWP contrast in June 2012 and 2016 at the ML1-1
measurement point. There are no signs of the presence
of the cloud bow effect around 11:00 and 16:00 of local
astronomical time in June 2012. About 10 approxi-
mately identical local LWP contrast maxima are seen
during a day, which are most likely due to variations in
cloud parameters. The second example (June 2016)
shows a rare case where a local LWP contrast maxi-
mum (the first one) stands out against the other local
maxima even when averaging over one month of only
one year, and it is impossible to distinguish the second
local maximum against several other nearby local
maxima.

Another important remark should be made about
the manifestation of the cloud bow effect in SEVIRI
information products. According to [8], the process-
ing algorithm for measurements of scattered solar
radiation basically takes into account the cloud bow
effect, since scattering phase functions which describe
this effect are used in calculating lookup tables. An
artefact appears in the results when the initial infor-
mation on cloud droplet size distribution does not cor-
respond to the actual cloud situation during the mea-
surements. The error spreads throughout the algo-
RIC AND OCEANIC OPTICS  Vol. 37  No. 6  2024
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rithm and manifests itself in the results. Therefore, it is
impossible to predict the sign and magnitude of the
artefact.

Since it is impossible to detect single measure-
ments which contain an interfering component caused
by the cloud bow effect, we should analyze the results
which contain this component. As can be seen from
the presented diurnal cycles and the calculations of the
scattering angle during measurements, the cloud bow
effect is manifesting itself during two relatively short
periods of time of no longer than an hour. Therefore,
using an approximation for smoothing the initial func-
tion, it is possible to minimize the disturbance of the
diurnal cycle due to this effect. Since the diurnal cycle
is strongly determined by convective processes
induced by surface heating by solar radiation, we can
reliably consider these processes to be significantly
slower compared to the cloud bow effect in measure-
ments with high degree of confidence. Using a smooth
approximation, we not only reduce the cloud bow
effect, but also eliminate oscillations due to random
measurement errors of various kinds.

Figure 5 shows the results of approximation of the
monthly average diurnal variation in the LWP contrast
by a 7th-degree polynomial. The results were obtained
through averaging the data over all seven years of
observations. The approximation was performed both
for the complete data sets and for the sets where poten-
tially erroneous observations were rejected, i.e., all
observations during two short (no more than an hour)
periods of time when the cloud bow effect could man-
ifest itself. The 7th-degree polynomial was chosen as
providing the maximal determination coefficient and
the minimal standard deviation in the absence of
“false” local short-term features in the diurnal varia-
tion. The determination coefficient is within the range
0.70–0.88 for all the measurement points when
approximating by the 7th-degree polynomial. The
standard deviation of the approximated values
from experimental ones is within the range 0.005–
0.006 kg m–2.

The main conclusion which can be drawn from the
results presented in Fig. 5 is that the smooth approxi-
mation curves derived for the data with and without
rejection show the same diurnal cycle for all the con-
sidered geographical points. The systematic overesti-
mation of the contrast by the approximation curve can
be considered insignificant even during the periods of
pronounced manifestation of the cloud bow effect
(points ML1-1, ML2-2, and ML13). If the effect is
not manifested (point ML11) or one of the local max-
ima is not expressed (point ML9, the second maxi-
mum) (see Table 1), then the approximation curves for
the data with and without rejection near coincide.

Figure 5 enables quite accurate estimation of the
features of the daily cycle of the LWP contrast for the
Gulf of Finland and the Gulf of Riga of the Baltic Sea
in June and July: an increase in the LWP contrast from
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No
06:00 to 07:00, stabilization for one hour, a further
increase until 11:00, then a decrease until 14:00–
15:00, relative constancy until 16:00–17:00, and again
a decrease.

DISCUSSION
The statistics and causes of erroneous measure-

ments of reflected solar radiation from space platforms
was studied in detail in [9] for the MODIS satellite
instrument. The MODIS and SEVIRI instruments
have the same measurement principle and similar
algorithms for processing results based on precalcu-
lated lookup tables.

The causes of erroneous measurements are numer-
ous. Here, we list only some of them: nonuniformity
of cloudiness on subpixel scales, optical effects (sun
glint, glory, and cloud bow), overlapping of cloud lay-
ers, incorrect identification of the phase of cloud par-
ticles, rain clouds, drizzling clouds, incorrect assess-
ment of the degree of discontinuity of cloud cover
during observations at large angles (this effect is signif-
icant for measurement points at the edge of a measure-
ment area, the so-called disk), 3D effects at large
observation angles in the presence of deep towering
clouds. The cloud bow effect on the general statistics
of satellite measurements of reflected solar radiation
cannot be called negligible: for example, work [9]
shows this effect to cause the rejection of 25% of pixels
in MODIS measurements in the presence of marine
single-level liquid droplet clouds in the field of view of
the instrument.

The fact that the cloud bow effect was detected in
June and July only for the measurement points in the
bays of the Baltic Sea and was not detected at mea-
surement points near large and small lakes is import-
ant. Since the previous work [4] detected artefacts in
SEVIRI measurements just in the bays of the Baltic
Sea, we can conclude with a high degree of probability
that we also deal with an artefact in the case under
study, which is apparently caused by the specifics of
using the processing algorithm for initial measure-
ments of reflected solar radiation in the Baltic Sea
region. A list of the so-called algorithmic causes of
erroneous measurements can be found in [9]: coding
errors, methodological errors in the selection of
parameters and threshold values of different criteria,
and the use of inappropriate additional information.
The study of these causes is beyond the scope of our
work.

CONCLUSIONS
In this work, we have focused on the manifestation

of the cloud bow effect in the results of retrieving the
land–sea LWP contrast from SEVIRI measurements
of LWP over land and water bodies in northern
Europe. Two maxima have been found in the diurnal
cycle of the LWP contrast for some water bodies; they
. 6  2024
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Fig. 5. Approximation by 7th-degree polynomials of the seven-year (2011–2017) average diurnal cycles of the land–sea LWP con-
trast for several measurement points in the bays of the Baltic Sea: (a) ML1-1, June; (b) ML2-2, July; (c) ML11, June; (d) ML13,
July; (e) ML9, June; (f) ML9, July, without (solid curve) and with (dashed curve) rejection of potentially erroneous data during
the periods of the cloud bow effect. The time points of manifestation of the effect (11:00 and 16:00) are shown by figures 1 and 2;
the horizontal dashed line corresponds to zero LWP contrast.
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are almost symmetrical about noon UTC. In most
cases, these maxima are observed in measurements at
points in the Riga and Finland Gulfs of the Baltic Sea,
and are not observed in the regions of small and large
lakes (Ladoga, Onega, Peipus, Pihkva, Ilmen, and
Saimaa). The calculations of the solar radiation scat-
tering angle for measurements at these points have
ATMOSPHE
shown the local maxima to coincide with the periods
when the cloud bow effect is possible, i.e., at a scatter-
ing angle of 135°–140°. Thus, these maxima are prob-
ably artefacts of observations caused by this effect.

Due to the significant spatiotemporal variability of
cloudiness, it is impossible to identify and reject indi-
vidual SEVIRI measurements which contain an inter-
RIC AND OCEANIC OPTICS  Vol. 37  No. 6  2024
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fering component caused by the cloud bow effect. The
calculations have shown that approximation of the
diurnal cycle by a 7th-degree polynomial enables
reducing the effect of the interfering component and
tracking the main features of the diurnal cycle. The use
of the approximation enables us to completely reject
all measurements corresponding to scattering angles
of 135°–140° in advance; however, even without this
rejection, the error caused by the presence of errone-
ous results is negligibly small and amounts to 0.001–
0.006 kg m–2 (2–14%) in the cases under study. After
polynomial approximation of the diurnal cycle of the
LWP contrast, the following features were discovered
for the Gulf of Finland and Gulf of Riga of the Baltic
Sea in June and July: an increase in the LWP contrast
from 06:00 to 07:00, stabilization for an hour, a further
increase until 11:00, then a decrease until 14:00–
15:00, a relative constancy of values until 16:00–17:00,
and a decrease again.
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